Introduction: Individuals with concurrent tobacco dependence and other addictions often report symptoms of low mood and depression and as such may have more difficulty quitting smoking. We hypothesized that current symptoms of depression would be a significant predictor of quit success among a group of smokers receiving individualized treatment for tobacco dependence within addiction treatment settings. Methods: Individuals in treatment for other addictions were enrolled in a smoking cessation program involving brief behavioral counseling and individualized dosing of nicotine replacement therapy. The baseline assessment included the Patient Health Questionnaire (PHQ9) for depression. Smoking cessation outcomes were measured at 3 and 6 months post-enrollment. Bivariate associations between cessation outcomes and PHQ9 score were analyzed. Results: Of the 1,196 subjects enrolled to date, 1,171 (98%) completed the PHQ9. Moderate to severe depression (score >9) was reported by 28% of the sample, and another 29% reported mild depression (score between 5 and 9). Contrary to the extant literature and other findings by our own group, there was no association between current depression and cessation outcome at either 3 months (n = 1,171) (17.0% in those with PHQ9 > 9 vs. 19.8% in those with PHQ9 < 5, p = .32) or 6 months (n = 834) (17.8% vs. 18.9%, p = .74). Conclusions: Contrary to our hypothesis, depression severity as measured by the PHQ9 did not predict cessation outcome in this clinical population. A possible explanation may be the individualized treatment and supportive environment of an addictions treatment setting. These data indicate that patients in an addictions treatment setting can successfully quit smoking regardless of current depressive symptoms.
Introduction
Smoking remains the leading preventable cause of death in Canada and the United States, accounting for one in every five deaths each year. 1 Furthermore, over 40% of the approximately 70,000 people who access the addiction treatment system in Ontario, Canada in a given year use tobacco, 2 population. Despite this significant prevalence, treatment for tobacco dependence has been conspicuously absent from the addiction treatment system. Of those clients who enter addiction treatment programs, more will die from tobacco-related diseases than from all other causes combined, 3 and clients in addiction treatment programs who refrain from smoking have better overall outcomes than those who continue to smoke [4] [5] [6] although there is some conflicting research in this area. 7 Despite high client demand and need, most addiction agencies have been reluctant to provide chronic disease prevention and management services, such as reducing tobacco use.
Mood management may be particularly important in this population during smoking cessation because, there is an association between smoking, alcohol and drug dependence, and depression. 8, 9 Depressive symptoms may be an important predictor of cessation outcome among clients of addictions treatment facilities. In addition to the relationship between tobacco dependence and depressive disorders, sub-clinical symptoms of depression, including negative affect, anhedonia, sleep disturbances and irritability, are common in nondepressed individuals during a quit attempt. 10, 11 One of the most common mental health conditions among smokers in general is a current or past history of depression and approximately 60% of individuals with a history of depression are either current or past smokers. 12 It is not known whether smoking initiation occurs prior to, or following the onset of depressive symptoms; however, genetics research indicates a shared etiology. 13 Those with a history of depression are more likely to progress to daily smoking, 14 and a history of daily smoking has also been shown to significantly increase the risk of major depression. 15 As well, depression has been cited as the most common antecedent prior to relapse during smoking cessation. 16 Only two published studies have specifically examined whether there are differential effects of smoking cessation strategies by depression status (i.e., history positive vs. current depression). One study did not show any difference in outcome by depression status 17 and the other study showed that mood management information improved cessation rates in history positive smokers but not currently depressed smokers. 18 While there have been no studies published to date on the role of current depression on smoking cessation outcomes in addictions patients, there is one published study of predictors of smoking cessation outcome among individuals with substance use and/or psychiatric disorders. 19 While those with a dual diagnosis had poorer cessation outcomes compared to those with a single disorder, this was not statistically significant and in a regression model was not a significant predictor of cessation. However, other studies suggest that depressed mood and anhedonia adversely affect smoking cessation and lead to relapse, 20, 21 and a recent meta-analysis suggests that a history of depression and recurrent depression is associated with poorer cessation outcomes. 22 To what extent clinical beliefs that smoking cessation will increase psychological symptoms among addictions patients or jeopardize recovery from substance use play into the current situation whereby cessation is not routinely addressed in these settings is unknown. However, some research indicates that this can be a major barrier for implementing smoking cessation programs in drug treatment settings. 23, 24 Even so, there is a strong rationale for treating tobacco dependence in addictions settings including the fact the tobacco dependence is itself an addictive disorder and as such addiction professionals already have the needed skills to treat tobacco dependence, tobacco dependence is almost universally comorbid with other substance use disorders, smoking cessation has been shown to improve treatment outcomes for other substance use disorders. 25 Therefore, in response to the need to integrate tobaccodependence treatment into addictions treatment facilities in Ontario, the Ministry of Health has funded a program since 2012 involving both smoking cessation training for staff and cost-free tobacco dependence treatment for addiction agency clients consisting of nicotine replacement therapy (NRT) and counseling support.
In order to assess the real-world effectiveness of this program, patient-level data were collected at baseline and 3 and 6 months post-enrollment. While previous research in addictions treatment populations have indicated less success with smoking cessation treatment compared to nonaddicted populations, the reasons for this are unclear. Since patients in addictions treatment often have significant depressive symptoms and it is thought that these mood disturbances may contribute negatively to treatment outcomes, we were particularly interested in assessing baseline depressive symptoms in this population and whether these symptoms would predict smoking cessation treatment outcomes in patients seeking treatment at specialty addictions agencies. Therefore, we hypothesized that current symptoms of depression would be negatively associated with quit success among a group of smokers receiving individualized treatment for tobacco dependence (tailored doses of NRT and behavioral counseling) within outpatient addictions treatment settings.
Methods

Study Design
This is an analysis of longitudinal data obtained from participants in a smoking cessation program implemented in 14 Addictions Agencies across the province of Ontario, Canada between October 2012 and November 2013. Data were obtained at four types of time-points: baseline or initial assessment, 3 months post-enrollment, 6 months post-enrollment, and at each clinic visit to receive treatment. The study was approved by the Research Ethics Board at the Centre for Addiction and Mental Health.
Participants and Procedure
The participants were clients of the participating addiction agencies. Participants were smokers interested in quitting smoking using NRT and were recruited to the program via either addiction practitioner referral or self-referral. They were daily dependent smokers as determined by cigarettes per day and time to first cigarette. Informed consent was obtained from all participants. Practitioners at each site underwent specific training in cessation counseling through the University of Toronto accredited TEACH training program. 26 The training focuses primarily on motivational interviewing techniques and provides specific strategies for counseling patients with psychiatric or addiction comorbidities. Practitioners typically met with clients every 2 weeks for brief cessation counseling and NRT if needed, although visit frequency was set by client needs and practitioner availability. Practitioners were instructed not to exceed more than 4 weeks between visits, and that clients were eligible to receive up to 26 weeks of NRT in total over a maximum of 1 year duration of treatment. The types of NRT available were: Patch (7 mg, 14 mg, and 21 mg); Gum (2 mg); Lozenge (2 mg); Inhaler (10 mg; 4 mg of nicotine delivered). Types and doses of NRT were individualized depending on severity of tobacco dependence and could be titrated up or down at each visit depending on response. Combination of patch and short-acting NRT or double patching was allowed. Practitioners were also trained to provide clients with individualized (brief) or group counseling during these visits. 
Measures
Baseline information was collected at enrollment visit, via participant self-report. Information on participant demographics, tobacco use characteristics, current alcohol and drug use, self-report lifetime history of selected medical and mental illness, and current depression severity were collected. Participant demographics included age, sex, annual household income (dichotomized), education, and employment status. Baseline tobacco use characteristics were number of cigarettes smoked per day and time to first cigarette. Current substance use was defined as use within the past 30 days and was asked about use of alcohol, marijuana, or other drugs which included cocaine, sedatives, opiates, stimulants, and hallucinogens. Medical comorbidities were identified as self-reported lifetime diagnosis, and included one or more of the following: high blood pressure, high cholesterol, heart problems, diabetes, asthma, chronic bronchitis/ emphysema/COPD, seizures, cancer, or chronic pain. Reported past diagnosis of mental illness included the following: depression, anxiety, schizophrenia, or bipolar disorder.
Current depression severity was assessed with the Patient Health Questionnaire (PHQ9), a 9-item instrument for making DSM-IV criteria-based diagnoses of depression that was developed specifically for use in primary care. It has been validated in two separate studies involving a total of 6,000 patients 27, 28 and has been shown to be valid both as a diagnostic instrument for current depressive disorders and as a measure of depression severity along a continuum. 29 Typically, there are five categories for the PHQ9 (none to minimal depression [0-4], mild depression [5] [6] [7] [8] [9] , moderate depression [10] [11] [12] [13] [14] , moderately severe depression [15] [16] [17] [18] [19] and severe depression [20] [21] [22] [23] [24] [25] [26] [27] ). For this study we collapsed the three highest categories into a "moderate to severe" category (10+).
The primary study outcome was smoking cessation, as defined by self-reported 7-day point prevalence of abstinence from smoking. 30 This was assessed at 3 and 6 months after enrollment in the program via e-mail or telephone surveys (by trained research staff). The follow-up completion rates were 61.0% and 58.7% for 3-and 6-month follow-ups, respectively. Since 7-day point prevalence abstinence from smoking was also asked at each clinic visit (to help clinicians gauge treatment progress), eligible visit form data when available, was used to impute missing responses for the main outcome. If there was more than one clinic visit during the 30 day time frame of eligibility for follow-up completion, the visit closest to the start date of eligibility was used. Those participants who did not have either a response to the follow up survey, or clinic visit data, were treated as "lost to follow-up" and categorized as "not quit."
Data Analysis
All statistical analyses were performed in SPSS Version 20 (IBM). Baseline characteristics were examined for the entire sample, and also compared by PHQ9 score category using one-way analysis of variances (ANOVAs) for continuous variables and chi-square tests for categorical variables, to examine differences between subgroups. Bivariate associations between follow-up quit outcomes at 3 and 6 months and baseline demographic and clinical characteristics were examined using ANOVAs or t tests for continuous variables and chi-square tests for categorical variables. PHQ9 score category as a predictor of quitting at 3-and 6-month follow-up was assessed via binary logistic regressions. Multivariable models were adjusted for effects of all variables that were found to be significantly associated with both PHQ9 scores and quitting in bivariate analyses, as they were likely to be confounders. Variables that were significantly associated with only quitting were treated as potential confounders, and retained in the final model if their inclusion resulted in pronounced change of the main association between PHQ9 score category and quitting. The remaining demographic, substance use, and smoking characteristics collected at baseline (including discarded confounder candidate variables) were tested for effect modification of the main association. Moderators were tested by addition of their interaction term with PHQ9 score into the adjusted regression model one at a time, and observing any changes in the main association.
Due to the low response rate to follow-up surveys, study attrition was examined via bivariate associations between baseline demographic variables and follow-up completion status, and also via Kaplan-Meier survival analysis and a log rank test comparing treatment retention by baseline depression severity. All recorded visits were compiled for each participant and instances where participants were still eligible for treatment but stopped attending the clinic (i.e., dropped out), were classified as "events." Instances where participants stopped attending the clinic but were outside of their window of eligibility were classified as "censored." Kaplan-Meier estimates of the enrollment duration function were then calculated and plotted by baseline PHQ9 scores, and these distributions were then compared by depression score for significant differences.
Results
Sample Characteristics
The study sample included 1,196 participants recruited between October 2012 and November 2013. PHQ9 scores were available for 97.9% of the study sample. Participants who did not answer three or more items on the questionnaire were classified as having missing scores. Nearly half of the study participants had none to minimal depression 41.1% (n = 491) (PHQ9 score 0-4), 28.8% (n = 345) had mild depression (score 5-9), 13.9% (n = 166) had moderate depression, 8.4% (n = 100) had moderately severe depression, and 5.8% (n = 69) had severe depression. Due to the small numbers of participants in each of the three highest depression score groups, participants with PHQ9 scores of 10 or greater were grouped into a category titled moderate to severe depression, which included 335 participants or 28.0% of the study sample.
Demographic characteristics of the overall sample are presented in Table 1 . Nearly two thirds of the participants were male, with a mean age of 46 years old. The majority of participants (80.3%) had an annual household income of $40,000 or less; more than half had some or completed post-secondary education (55.5%); more than one third of the sample was on disability (37.2%); one quarter of participants were full-or part-time employed (26.4%). Study participants smoked on average 21 cigarettes per day, 70.1% consumed alcohol but 24.2% were not currently using alcohol or any drugs. One third of the study sample did not have any medical comorbidities (32.0%), but one quarter had reported three or more health comorbidities (24.1%). Self-reported history of mental illness diagnosis was reported by 69.8% of the sample.
Baseline participant characteristics were also compared by PHQ9 depression score categories (Table 1) . Participants with higher depression scores were younger, had lower levels of household income, were more likely to be on disability, consumed more cigarettes per day, had a shorter time to first cigarette in the morning after waking up, used marijuana and other drugs, consumed more drinks per occasion, had a greater number of medical comorbidities, and were more likely to report a lifetime history of a mental illness. 
Non-Response and Study Retention
The 3-month follow-up response rate was 61.0% with only followup surveys included, and increased to 67.7% when 7-day point prevalence of abstinence data from eligible visit forms were added. The 6-month follow-up response rate was 58.7% with only follow-up surveys included, and increased to 61.8% when eligible visit form cessation outcomes were added. Checks into response attrition bias (not shown) found that participants with missing 3-month survey and visit form data were more likely to be younger (p < .001), male (p < .001), have lower income (p = .03), have high school education (p = .002), be unemployed (p < .001), use any substance (p < .001), use alcohol (p < .001), use other substances besides alcohol, marijuana and tobacco (p < .001), and have fewer comorbidities (p < .001), but did not differ from "responders" on any of the smoking characteristics, marijuana use, or history of mental illness. At 6-month follow-up, participants with missing survey and visit form To determine whether depression severity was associated with treatment retention, survival curves for treatment retention were plotted and compared by baseline depression scores via log rank test (Figure 1 ). There was no significant difference in attrition between PHQ9 depression score groups (p = .33). All groups saw a large drop in retention following the first visit. Retention continued to decrease until the 26-week mark (end of current study follow-up period). Overall, at 26 weeks after study enrolment, participants had a 0.286 cumulative probability of remaining in the study.
Depression and Quit Outcomes at 3 and 6 Months
Bivariate associations between PHQ9 scores, other baseline characteristics, and quit outcomes at 3 and 6 months are presented in Table 2 . PHQ9 scores were not significantly associated with quitting at either the 3-or 6-month follow-up (both p > .05). The other bivariate associations between baseline participant characteristics and follow-up quit outcomes are outlined in Table 2 . Characteristics significantly associated with quitting at both 3 and 6 months post-enrollment included age, employment status, frequency of and amount of alcohol use, and number of medical comorbidities (all p < .05). Annual household income and education were significantly associated with quitting only at 3 months but not at 6 months (both p < .05). Table 3 presents the odds of quitting for those with mild or moderate depression and for those with severe depression, compared to those with none or minimal depression. There was no significant association between depression score category and quitting at either 3-or 6-month outcomes in the unadjusted analyses. There was also no significant association between depression score category and quitting in a model adjusted for age, income, employment status, consumption of six or more drinks per occasion, and number of medical comorbidities for 3-month quit outcome. There was also no significant association between depression and quitting in a model adjusted for age, employment status, consumption of five or more drinks per occasion, and number of medical comorbidities for 6-month quit outcome.
Finally, we tested whether the main association between depression scores and quit success was modifiable by any of the baseline demographic, smoking, or clinical characteristics. We found that none of the baseline characteristic interaction terms were significant predictors in the adjusted regression model, or affected the main association. We further stratified the adjusted regression analyses by the levels of each categorical moderator variable to examine the main association within specific study sample sub-groups, and also failed to find any significant effect of depression on quitting at either 3 or 6 months in any of the sub-groups.
Discussion
The findings of this current study indicate that high depression ratings at baseline (as measured by a validated self-complete questionnaire, the PHQ9), had no effect on smoking cessation outcomes at 3 and 6 months after initiating cessation treatment involving individualized NRT and behavioral counseling within addictions settings in unadjusted and adjusted analyses.
Lack of a found association between depression severity and cessation outcome was likely not due to an inadequate sample size. Detecting a significant difference at p < .05 and 80% power with our found quit rates would have required a sample size of 3,006 for 3-month follow-up outcomes and 19,437 for 6-month outcomes.
When we compared the characteristics of study participants to those of individuals receiving substance abuse treatment in Ontario during the 2012-2013 fiscal year, 2 there were similarities in the proportion of males and alcohol use. However, there were notable differences between our study sample and the Ontario substance abuse treatment sample in the levels of education (25.6% of our study sample vs. 45.2% treatment population had less than secondary education and 55.5% of our study sample vs. 29.6% of the treatment sample had some or completed post-secondary education). Our study sample also had a lower rate of unemployed (26.6% vs. 38.1%) and a greater proportion of participants on disability (37.2% vs. 14.6%). Our study sample also had a greater proportion of participants with a lifetime history of mental illness (69.8% vs. 42.2%). Finally, 45.6% of Ontario substance abuse treatment patients reported having used tobacco in the past 12 months, and 24.2% had tobacco use as the presenting problem. These data underscore the importance of implementing specific programs and practitioner training for smoking cessation within addictions treatment settings.
While there have been no studies published to date on the role of current depression on smoking cessation outcomes in addictions patients, there is one published study of predictors of smoking cessation outcome among individuals with substance use and/or psychiatric disorders. 19 Those with a dual diagnosis had poorer cessation outcomes compared to those with a single disorder, but this was not statistically significant and in a regression model was not a significant predictor of cessation. In studies of individuals recruited from the general population and screened for other disorders, current depression did not adversely affect cessation outcomes. For example, in smokers with either current or past depression, successful 31 In another study, smokers with concurrent depression were able to achieve long-term cessation with cessation rates in the intervention group almost double that of the control group. 32 However, other studies suggest that depressed mood and anhedonia adversely affect smoking cessation and lead to relapse, 20, 21 and a recent meta-analysis suggests that a history of depression and recurrent depression is associated with poorer cessation outcomes. 23 A possible explanation for the lack of association between current depression and smoking cessation outcomes in the current study may be that with the individualized treatment given, both the tailored doses of NRT and the behavioral supportive counseling mitigated the role of depressed mood on cessation attempts. Treatment providers in addictions settings are well-trained in mood management techniques including cognitive behavioral therapy (CBT). While we did not evaluate this specifically in the 14 study sites, it may have contributed to our outcomes. Two clinical trials on smoking cessation have shown that smokers with recurrent major depressive disorder respond best to intensive, mood-oriented CBT. 10, 33 The overall cessation outcome of 18% in our study is comparable to those reported in the literature for this sub-population of smokers. In a meta-analysis of smoking cessation treatment studies in addictions settings, the pooled cessation rate in the treatment arms was 20.5% at end of treatment. 6 Other studies have reported end of treatment cessation rates of 36.4% 19 and 41.1% among completers of a tailored smoking cessation program in an addictions setting. 34 
Limitations
These data are from a smoking cessation program implemented in 14 addiction treatment facilities across the province of Ontario, Canada. As such, there is no control or arm and there was no randomization to treatment condition. Instead, this analysis examined predictors of smoking cessation among people seeking treatment in an addictions setting.
Cessation outcomes in this study were not biochemically confirmed using expired carbon monoxide or urine or salivary cotinine. As well, there are currently no longitudinal data to examine longerterm abstinence and relapse in this population. However, 12-month follow-up surveys started in July 2014 so these data will be forthcoming in a future publication. To conclude, contrary to our hypothesis, depression severity was not a significant predictor of cessation outcome at 3-and 6-month follow-up time points in this population of smokers. A probable explanation may be the individualized treatment and supportive environment of an addictions treatment setting. These data indicate that patients in outpatient addictions treatment can successfully quit smoking regardless of current depressive symptoms. Future studies should randomize smokers to standard treatment versus individualized treatment stratified by baseline depression severity in order to confirm the observational findings of this study.
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